Introduction
These days, talent identification and development (ID) is one of the main topics in sports performance for both researchers and practitioners. Identifying a potential elite sportsman at an early age is challenging. 1 The talent ID process in swimming should hold three main components, as in other sports: (i) identification -identifying the athletes with the potential to reach the highest performance in adulthood and the main traits related to it; 2 (ii) development -understand the changes in the performance and determinant factors according to training program; 3 (iii) and follow-up -learn about the changes in the performance and determinant factors during a time-frame. 4 Swimming is a multifactorial sport, where interactions between several scientific factors from different fields of science do happen. Hence, talent development and follow-up depends on genetics and environmental conditions, as well as its interactions. 5 The former is mainly related to genetic profiling and/or anthropometric assessment. 6 The later can be monitored by control tests. A well-designed training plan can build-up physiological parameters and/or enhance the technique with a positive effect on the performance. 7 However, evidence on this with youth is scarce. It is claimed that several determinant factors have different partial contributions to performance. 7 However, so far little insight was gathered about these partial contributions in swimming or even in any other sport. Crosssectional studies report that, at least for young swimmers, the biomechanics and physiology may explain up to 80% of the performance. 8 Moreover one study reports that biomechanics alone (including anthropometrics, hydrodynamics and kinematics) explain 60% and seems to be the main determinant field. 9 However, during a season, the training program (i.e. external training load) relies on different parameters, that have an effect on the swimmers' response (i.e. internal training load). 7 The performance can depend upon different anthropometric, kinematic or efficiency features over a full season. Moreover, this might be a dynamic relationship with systematic shifts in the interplay among these factors. Nevertheless, little is known about such hypothetical relationships between internal and external training loads in young athletes.
The best way to gather insight on such relationships is based on longitudinal studies, despite in competitive swimming the vast majority are cross-sectional designs. Regarding the few papers reporting changes over time in young swimmers, there are a few concerns: 10, 11, 12 (i) the sample (i.e. small and underpowered samples; the subjects recruited are not always talented swimmers); (ii) the modelling procedures and the data analysis (i.e. most researchers run yet classic null-hypothesis stats, with no predictions and interactions being made by more cutting-edge and comprehensive modelling procedures); (iii) the time-frame (i.e. short timeframes from few weeks up to one full season, and few evaluation moments over time. Young swimmers, as other athletes, are sensitive to changes within and between seasons. This means that more evaluation moments are needed to have a deeper understanding on the changes over time); (iv) follow-up studies with little insight on the dose-response (i.e. do not share details on the external training load and hence, do not attempt to understand the interplay or at least the coupling between internal and external training load over time). Indeed, it was suggested earlier that longitudinal studies in competitive swimming should adopt the best practices of other scientific fields. 13 Having said that, we failed to find in the literature a longitudinal research reporting the relationships between talent development and training program in a large sample of subjects over a long period of time. Performance data collection
The 100-m freestyle event was selected as the main outcome (official race time at regional or national short course meter event). The time gap between data collection and the race was no more than two weeks.
Kinematic data collection
The swimmers were instructed to perform three maximal freestyle swim trials of 25-m with push-off start. Between each trial, they had a 30 minutes rest to ensure a full recovery.
For further analysis the average value of the three trials were calculated. Two experts evaluators measured the stroke frequency (SF; cycles·min -1 ; ICC=0.98) with a stroke counter (base 3) and then converted to SI units (Hz). The stroke length (SL; in m) was calculated as SL=v/SF. 16 The intra-cyclic variation of the horizontal velocity of the center of mass (dv; dimensionless) was calculated as: 
Where dv is the intra-cyclic variation of the horizontal velocity of the center of mass (dimensionless), v is the mean velocity (m·s -1 ), vi is the instant velocity (m·s -1 ), Fi is the absolute frequency and n is the number of observations. The dv is a feasible way to analyze the swimmers' overall stroke mechanics, as it measures the ratio between the acceleration and deceleration within each stroke cycle, allowing to: identify critical points in the different phases of each cycle, and collect relevant data for practitioners and coaches. 15 Efficiency data collection
The propelling efficiency (ηp; in %) was estimated as:
Where ηp is the arm's propelling efficiency (%), v is the average speed of the swimmer (multiplied by 0.9 to take into account that, in the front crawl, about 10% of forward propulsion is produced by the legs) (m·s -1 ), SF is the stroke frequency (Hz) and the term l is the average shoulder-to-hand distance (m, i.e. this distance was measured on dryland, while the swimmer was simulating a stroke cycle: (i) between the acromion and the olecranon; (ii) and between the olecranon and the tip of the 3 rd finger, with a measuring tape (RossCraft, Canada); ICC=0.99). The stroke index (SI; in m 2 ·s -1 ) was calculated as SI=v . SL. 
Statistical analysis
The linearity, normality and homoscedasticity assumptions were checked beforehand.
Descriptive statistics included the mean, one standard deviation and the difference between first and last evaluation moment (delta), and 95% confidence interval. For the assessment of the mean stability, after running ANOVA repeated measures, Bonferroni test (P≤0.05) was used to test the pairwise between the first and last evaluation moment. 19 Normative stability was analyzed with Pearson's auto-correlation coefficient (P<0.05). As rule of thumb, for qualitative assessment, it was set that the stability was: 
Results
Overall all variables showed an improvement between the first evaluation moment (season #1 -early) and the last moment (season #3 -late) ( Hence, wider the time-lag between evaluation moments, lower the stability is.
The HLM procedure included two stages: (1st) assess hypothetical effects/interactions in the performance with time and sex (Table 3 
Discussion
The aims of this study were to test a model to predict swimming performance over three seasons in young swimmers and to learn about the partial contribution of each predictor.
Main finding was that performance relates to the age (decimal age), anthropometrics (AS),
kinematics (SL) and efficiency (ηp).
Performance improved over the 3 seasons (3 years), and the main determinants presented an overall increase. Previous studies tracking young swimmers' performance and its determinant factors reported an increase over three evaluation moments. 21, 22 In this study, the performance showed the same trend, with an overall moderate-high stability. between evaluation moments (Table 2) . Overall, these changes are not significant, being the model linear. This variance seems to be coupled with the training program ( Figure 1 ). For instance, as reported earlier for one single season, it seems that for three consecutive seasons building-up aerobic capacity and technique improvement also has an effect on the kinematics and efficiency and hence on the performance. 7 Over the three years, there is an increase in the total volume and an improvement in the performance (Figure 1 The increase in one unit in the decimal age (in years) was related to a 2.05s improvement in the performance. The age and anthropometrics seem to be major determinants. However these are intrinsic factors that one practitioner hardly can change but should be aware and acknowledge. The SL and ηp also included in the model are not genetically predicted, so coaches can play a role helping swimmers to improve it. Silva and co-workers 24 compared the kinematics and efficiency between pre-pubertal and post-pubertal swimmers with similar training background. Main findings were that post-pubertal swimmers had significantly higher v, SL and SI than younger counterparts.
Anthropometric features are highly associated with young swimmers' performance. 1, 21, 22 The AS presents a high contribution to performance. 9,24 A higher AS leads to a higher v and hence to a better performance. During the three-year assessment, one unit increment (in cm) in the AS imposed a 0.59s improvement in the performance. Surprisingly, the SL increase over time but had a negative impact on the performance. Estimations showed that for the swimmers assessed, an increase in the SL impaired the performance. Literature reports that a higher SL provides better performances, and some of that is due to a higher AS(r=0.55; P<0.05) 9 , (r=0.91; P<0.01). 25 However, these studies are cross-sectional designs or evaluate the swimmers during a shorter time-frame. Added to that, the swimmers were not evaluated during the transition from a pre-pubertal to post-pubertal maturational stages when significant motor control changes do happen. 26 During childhood, swimmers as any other children suffer changes in kinematics and motor control patterns. Motor learning is a process of acquiring movement patterns, which satisfy the key constraints on each individual. 14, 27 So it seems that during the maturation stage, the swimmers "relearn" some technical features associated to motor control aspects. Wilson and Hyde 28 pointed out an age-related variation on kinematic measures, suggesting a continual refinement of these parameters between older childhood and early adulthood. In opposition to the conventional demonstration, the constraint-led approach provides a framework, combining a balanced interaction between individual, environmental and task constraints. 27, 29 In teaching and/or swimming training, the coaches should put the focus on individual task goals instead of relying on a standard coordination pattern. 30 The need to explore different strategies to reach a given outcome in motor control lead eventually to the non-linear pedagogy framework. 27, 29 The later one suggests that there is more than one way to reach the same goal. Indeed, Strzala and Tyka 12 suggested that a SL decrease may occur, and that the swimming performance enhances throughout a SF increase. However, in our study, the SL showed a high coefficient of variation in comparison to the remaining predictors and can be explained under the constraint-led framework as reported earlier. It can be speculated that this higher variability concurrent with the maximum likelihood estimation explains the final outcome in the model.
The performance enhancement is a multi-factorial phenomenon and relies on different features throughout a time-frame 7 and not only on the SL. Besides that, there is a significant and inverse relationship between SL and SF 31 suggesting therefore that the increase of the later parameter took place to increase the speed and ultimately to excel. Albeit these considerations, from season #3 -early onwards, the SL improved and became more stable.
One might consider that probably those adjustments were acquired. However with only two measurements remains to be complete clear such trend. As for the ηp, one unit increase (in %)
lead to a 0.17s improvement in the performance. In the training programs, a higher attention should be given to the efficiency and not only to training volume and intensity.
Practical Implications
The HLM is a comprehensive and straightforward way to model young swimmers'
performance. Swimming performance does not depend on isolated features but from the interaction among several. 5 Based on the final model, intrinsic factors, more related to "nature" (such as the decimal age and anthropometrics, in this case, arm span) and extrinsic ones linked to "nurture" (including stroke length and propelling efficiency) are determinant to So far, to the best of our understanding no study provided a deep insight on the relationship between the development of these determinants and the training program.
However, some might consider that the training level and other environmental factors (nurture) are ignored in detriment of a natural growth and maturation processes (genetics). 32 Our data shows that the training program also has a meaningful influence on the performance and its main extrinsic determinants. The same procedure and reasoning can be applied to other sports, so that one can gather insight over time on the performance's main determinants, in young talented athletes, under different talent ID schemes of different sports.
It can be addressed as main limitations: (i) the decimal age is a surrogate variable of sexual maturation. Lately there are increasing ethic concerns regarding the direct assessment of sexual maturation by Tanner stages due to some misconduct between practitioners and athletes. Despite that, the low variability in the maturation by the self-report and undisclosed identify as we carried out suggests that there is no effect at least for this time-frame of 3 years; (ii) the kinematics and efficiency variables were collected over 25-m trials and not the 100-m freestyle race. One might consider that to ensure a more real evolution of the kinematic and efficiency features with the performance, these parameters should have been assessed during the official race or a simulated event. However, kinematics and efficiency measured during the 25-m trial, showed an overall high-very high correlation with the 100-m 
